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2ABSTRACT
In recent years, many organizations have brought in computers
to help them improve their operations. Six years ago, the Water Works
Office of the Government of Hong Kong became aware of the importance
of bringing in computers to improve its operations. The Office
obtained approval to proceed with the computerization of the water
billing process. Because of the machine's speed, the Office now has
the option of shortening the billing cycle so that it is more favorable
to the Office from the standpoint of improving its cash flow position.
However, as a government department aims at serving the community,
the Water Works Office should consider not only the tangible factors
(such as improvement of cash flow position) but also the intangible
factors (such as improvement of service provided) in determining what
the optimum billing cycle should be.
In the tangible factor analysis, based on data collected
from the Water Works Office, a mathematical model was used to examine
cost, interest, and bad debt loss. As the water consumption volume
differs greatly among customers, the analysis was broken down into
several customer groups. A number of optimum cycles were found in
this analysis and these are presented in graphical models.
A number of non-financial factors were taken into considera-
tion in the intangible analysis. Given the nature of such factors,
the analysis relied heavily on personal evaluation. It was found
3that a shorter billing cycle is more. favorable than a longer one.
The final analysis, where both tangible and intangible
factors were taken into consideration, revealed that two different
billing cycles should be adopted. For trade customers, a monthly
cycle is more favourable to the office. For domestic customers, who
are generally small consumers, a four-month cycle is suitable both in
financial and non-financial terms. The preliminary estimation of
savings, in comparision with the present system, would be about
$600,000 a year if this idea were put into practice.
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11.0 INTRODUCTION
1.1 Purpose of the Study
Together with the increase in population and economic
growth, the total amount of fresh water consumed in Hong Kong
increases year after year. The Water Works Office, one of the
governmental departments, is responsible for supplying water to
satisfy the need of Hong Kong. This department, always concerning
itself with the possibility of improving the quality of service
provided to customers, has recently had approval to proceed with
computerisat ion of the water billing system. The first proposal
of automation was made six years ago which was not implemented and
little more was done until a local consultant was called in to
conduct a feasibility study on computerisation. The Water Works
Office received the consultant report in 1974 with the positive
suggestion of computerisation. 1
omputerisat ion.1 The consultant also recommended
that the Water Works Office shorten the present billing cycle for
trade customers in order to gain the benefit of improved cash flow.
This singling out of the trade customers was based on their much
larger consumption of water than domestic customers, hence offering
a potentially large return while only representing a small segment
of the total accounts. Both the Water Works Office and the Division
1 The study was done by Lowe Bingham Management Consultant
Company. The company finished the study and submitted the report
to WWO in April 1974.
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of Data Processing, aware that the effect of much a change could be
significant, decided to have a further study on this point before
making any decision. This study is in response to a request from
the Division of Data Processing to examine the benefits of changing
the billing cycle in more detail.
The major purpose of this study was to come up with recom-
mendat ions to both the Water Works Office and the Division of Data
Processing, suggesting the most favourable frequency to bill the cus-
tomers in a year. The schedule of the present water billing which
known as the billing cycle depends on two key factors. The first
is the time required to process the bill and also to collect the
charges. The other factor was concerned with the cost of billing
(which varies with the frequencies) and the benefits which will occur
as the consequence of the change of cycle such as improved cash flow
or reduced bad debt loss.
The main objective of the study was to examine the billing
cycle's effect on the cash flow position of the Water Works Office.
Because some important data such as actual unit billing costs are
not available until the installation of the new system is completed,
this study can be regarded as an exploratory study insofar as a
number of assumptions had to be made. The writer and the Data
Processing Division staff agreed that the study should incorporate
the following objectives:
- To develop a framework for analysis for optimizing the
water billing cycle. The framework must be flexible
enough to accomodate changing cost structure.
3- To analyse the monetary and intangible factors of the
water billing cycle changes.
- To conduct the analysis cognisant of service to the
public.
- To determine in a preliminary manner the optimum cycle
for various categories of customers under the planned
automated billing system.
- Result of the study should be in a form usable by the
Division of Data Processing for decision making.
It is assumed that the proposed new automated billing system
is capable of shortening the cycle time required to one month. Hence
the decision depends mainly on the second consideration of cost and
benefit. Both the terms cost and benefits have two different
meanings in this context. One is the monetary cost and benefits,
while the other is the social cost and social benefits since this is
a government agency as opposed to a private utility company. The
optimum cycle is the one which will bring back the largest profit
in both monetary and social concerns.
1.2 Scope of the Study
This study emphrasizes on the analysis of the cost and
benefit consequencies of different billing cycles. Most parts of
this study are devoted to the monetary analysis. The writer assumes
there are six acceptable alternatives to the present four-month
cycle ranging from a one-month cycle up to a six-month cycle. Re-
commendations are based on the examination of the tangible cost and
benefit consequence of each alternative. The resource and unit cost
data are taken from the current system as the basis for the analysis.
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The writer has not neglected the importance of the social
cost and benefits. Because of the difference in the nature of the
study subject, a totally different methodology and approach is
needed to handle the intangible factor analysis. However, because
of the limited time and other resources, the study did not carry
out both tangible and intangible factor analysis in detail. For
the intangible factor analysis, only the major intangible concerns
based on subjective evaluation of the present data and opinions
collected in the Water Works Office were listed. Then each concern
was evaluated and preliminary decision on the tangible factors was
made. The final recommendation is based on the match of the results
from both tangible and intangible factor analysis. Social research
in finding answers to the intangible considerations is felt to be
beyond the scope of this study.
The analysis and recommendations are presented in the follow-
ing five chapters. Chapter Two examines the current and proposed
billing system. Chapter Three explains the approach taken in determ-
ing the optimum cycle. Chapter Four and Five contain the detailed
analysis of tangible and intangible factors for a variety of classes
of customers. Chapter Six completes this analysis by drawing con-
clusions concerning the intangible factors and finally recommends
what is felt to be the best approach for the Government.
52.0 THE WATER BILLING SYSTEM
2.1 The Present Water Billing System
The Water Works Office
The Water Works Office which is an arm of the Public Works
Department, is responsible for all aspects of water supply and
distribution carried out by the Government. The work is divided
into eight divisions and three units, each with specific respon-
sibilities ranging from water supply to planning and construction.2
Usually, new work, like large project planning, feasibility studies
and new construction, are performed by special consultants from
outside. The operation of supply, distribution of water and main-
tainance is done by Water Works Office staff.
With the Water Works Office (WWO) the Water Billing Section
is under the Business Management Division. The aim of the section
is to collect the water fees from customers. The whole area of the
New Terriroties, Hong Kong Island and Kowloon is divided into twelve
geographical zones. Currently it takes four-months time to complete
the job of reading the consumers water meters, processing the bills
and collecting water fees for each geographical zone. This is done
on a recurrent rotational basis. After recording consumption figure
from the meter the job is passed to the billing section and the meter
reading section starts working in another geographical area. The
2 Hong Kong Government, Annual Departmental Report, pp. 110-
111, Water Works Office 1974-75, Government Printer.
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meter reading unit will read all the meters in these twelve geo-
graphical zones within four months.3 Chart 1.1 and 1.2 show the
present structure of the Water Works Office organization.
Procedures of the present system
The Water Works Office installed the present system, the
slip posting system, in 1972. The procedures of the system are
transaction-oriented. The workloads can be divided into four parts:
data collecting procedures, bill processing, revenue collection and
job completion procedures.4
Data collection procedures include the job of reading the
consumption figures from meters which is done by Junior Meter Readers
(JMR). The meter reading unit is also responsible for the checking
of data and then sending them to the billing section.
The billing section calculates the amount to charge each
individual customer, records the figure and sends the bills to
customers. In total it takes about one month's time to finish all
the above process.
Water Works Office allows customers one month to pay their
bills. Just after the due date, the slip posting and account recon-
ciliation section records the revenue received and sorts out the
accounts which have not paid their bills in two weeks. This section
sends final notices consisting of the original bill together with 5%
additional surcharge as the penalty to those unpaid accounts. The
3 See Appendix A for the present timing schedule of the
four month billing cycle.
4 A brief description of the procedures of the system is
listed in Appendix B, C and D.
7CHART 1.1
WATERWORKS OFFICE
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9time limit for the final due date is two weeks after sending the
final notice. After the final due date, this section records the
payments and sends the arrears to the arrears section.
The arrears section records the arrears and prepares the
disconnection order for cutting off the normal water supply. This
section is also responsible for taking legal action to recover the
arrears. The whole billing process lasts for four month to complete
the job for one geographical zone.
Consumption Bill Sending
Figure Collection Processing Bills to
Customers






FIGURE 2.1 PRESENT BILLING PROCESS
Problems of the present system
Though the Water Works Office has been operating the system
for three years, management of the Office has observed several
problems which are partly due to the nature of the system and partly
due to the limited capability of the system. The most fundamental
problem is that the system organization is based on manual processing
10
which cannot maintain a high satisfactory service level to customers
with such a large volume of transactions. The Office estimates there
is a total of 630,000 accounts with the additional problem of a
growth rate of 14/ annually.5
The major problem concerning the Water Works Office is the
ability to detect errors. At the present time, the department
stores each customer's record on an account sheet which is scattered
all around the office during the process time. If the staff discover
any error during the billing process, it is very time-consuming to
trace out and correct the error. This is because it is difficult
to locate the error which may occur only on some accounts. Under the
present system, it requires a lot of labour to examine all the account
cards to locate the error.
A second problem is that, because of the increase in volume
of water accounts, the office finds it is hard to keep up-to-date
information with all the alternation and amendments. Another problem
concerning the Water Works Office is the control of bad debt losses.
Under the present system, to prepare the disconnection order takes more
time than the original estimation in the design of the present Slip
and Posting System.6 It takes too much time to locate the payment
record of any particular account and to check it mannually.
Because of limited capacity of the billing system, it cannot
generate any apparent, useful data or statistics for management
purposes. Last but not the least, the present workload has become
5 This growth rate has estimated by the consultant management
company who did the. feasibility study. Lowe Bingham company's report,
Exhibit 1, April 1974.
6 Ibid.
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a burden to the people working under the current system. If the
office wants to catch up with the increased transaction load, more
personnel will have to be brought in, a move which will complicate
the present structure and make it even more difficult to control.
It is clear that the expansion of the present system in an attempt
to handle the future transaction volume is not a good idea.
The change into an automated system
Because the transaction volume is increasing and the office
should provide better customer service, changes are desired. Auto-
mation seems to be the right answer. The ability to cope with the
high transaction volume, accuracy, speedy processing and small
physical storage space are the main features which can be expected
from the automated system. In addition, the ability of a computer
to manipulate operational data in many different forms will provide
useful information to the management with little extra difficulty.
Convinced of this, the Government is committed to bring in this
modern technology to solve the problem.
2.2 Future Automated Billing System
Description of the future system
Because the new system is still at the proposal stage, no
details and definite description here are given. However, the
following can be said. The major feature in the new system is that
the system will be installed by the Data Processing Division using
their central computer. The Water Works Office will continue the
reading of consumers' meters and feed in the consumption figure.
The machine will perform all the accounting processes which were
12
handled by billing section and the slip posting and account recon-
ciliation section in the past.
All the information will be stored in the machine. The
Water Works Office staff will concentrate on servicing the customers
by utilizing the reports and facilities made available by the machine.
With the high speed of the computer in processing, the Water Works
Office can shorten the time required for processing and should make
the billing cycle more desirable. The storage and processing ability
of the machine also enable the office to handle a larger amount of
transactions in the future.
Potential change in billing cycle
As the inherent limitation of the present system is the major
determinant in deciding the current length of billing cycle. The
change to an automated system can free the Water Works Office from
this constraint and they can think of choosing another billing cycle
which is more favourable from a management point of view. However,
it is understood that the possibility of shortening the time required
for reading meters is very small. This is limited by the number of
meter readers available and the productivity of meter reader could
not be easily improved. Currently the four-month cycle has been
largely set by this constraint. However an alternative is to keep
the meter reading frequency unchanged of every four months period
while the billing cycle may be one month, two month, or whatever is
desired, simply by estimating the consumption in the intervening
period. This estimation is legitimate within the current law and in
fact is utilized currently when meters are unreadable. It is less a
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question of possibility and more one of desirability from a con-
sumer's point of view. If this is felt to be desirable by Water
Works Office, it is certainly more favorable to them as the major
part of expense in meter reading can be reduced for the shorter
billing cycle. As the number of meter reading staff will be deduced
even though WWO has to bill customers more frequently in a year. In
addition to meter reading, the inflexibility of change in customer
payment behaviour will incur delay in revenue collection cannot be
shortened from one month.
Advantages of the new system
If the new system performs smoothly, the Water Works Office
will enjoy serveral advantages which the present system is incapable
of producing. The obvious merit is that the new system can handle
very large transaction volume at a high speed with high accuracy
level. The office can also answer customer enquires in a quick
response time.
Since all information is stored in machine processable fort
it is easier to retrieve the record of any particular customer in
a short time. This also implies that the ability to detect and
correct errors is higher. The new information storage will provide
the Water Works Office a complete detail statistics of consumers.
2.3 Effects of the New System
On processing cost
One of the major effects the new system has is on the pro-
cessing cost. The cost structure of the present system will inev-
-itably be changed. The present system, which depends heavily on
manual effort, requires a large number of staff, especially junior
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accountants and book keeping staff to keep up with the volume of
transactions. The direct labour cost will probably represent a
large portion of the present billing cost than it will of the
future one.
The future automated system, which introduces the use of a
computer, changes the cost structure of the billing system. Because
of the high ability of the machine, the number of staff working on
billing will decrease a bit. This is especially true of the
processing section, slip and reconciliation and arrear section. The
large number of clerks will be replaced by the computer and the
support personnel. The job of the junior meter reader is the only
one which will not be affected by the new system as the new system
will still require on site reading. However, as the number of
lower grade staff decreases a lot, the requirement of supervising
staff will also decrease. In the new system, the major part
of billing cost will be the data entry cost, the machine cost and
relevant personnel, software and hardware maintainance cost. On
a preliminary estimation, the running cost of the new system should
be less with the release resource able to concentrate on improved
levels of service to the consumer.
On cash flow
If we treat the Water Works Office as a private company, the
water consumed by consumers can be viewed as the product of the
company. The outstanding amount of water fee before it is actually
received can be viewed as accounts receivable. For an example,
at the preseht four month cycle, a consumer may receive his bill of
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water consumption after the first four month period at the beginning
of June. He pays the bill in July. In June, the amount of unre-
ceived water fee of this particular customer is five month consump-
tion (first four month plus May) on the office's account book. In
July, the unreceived amount drops to only May and June consumption.
With this simple example, we can see that the change of the
billing cycle will affect the cash flow of the Water Works Office.
The length of the cycle has a direct relationship with the ability
of generating cash within the office. If the cycle is much shorter,
for example, the consumer pays immediately after consumption, the
amount of cash generated is the maximum possible. There are serveral
advantages with a better cash position. First is the liquidity
advantage. The department has a better position and stronger power
in paying debts and expenses. Second is that the increased fund
generated can be available for the government to invest in other
projects such as mass transit or interest bearing loans.
The third point to be mentioned here is the implied decrease
in the amount of interest due on any loans outstanding in the office
because of the increase in cash available at hand.
All of the above three arguments favour the department to
have a shorter billing cycle so as to improve the cash flow position.
However a shorter billing cycle inavailably brings up the billing
cost too. Will the benefit obtained be offset by the increasing
cost? All these questions are directing to the core of this study.




The objective of the non-profit enterprise, or service-
oriented organizations like the Government tends to be more intangi-
ble and subjective than are the objectives of business enterprises.
The monetary consideration is clearly important but not the only
factor. All those intangible objectives such as improving the well-
being of the people can have great meaning and yet be difficult to
measure. Theoretically, the practical optimum cycle should be
determined by considering all of the interactions of those tangible
and intangible factors. Sometimes, to provide better customer service
will inevitably increase the cost and what amount of cost should the
Government spend depends on the desired standard of service. The ideal
case is to provide the best consumer acceptable service within the
budget. It is a problem of how to balance the cost and the level of
customer service.
The other point concerning about those intangible factors
is the need of a general overall view of the effect of the change of
the billing cycle. It must be considered from the while society
point of view. The optimum cycle should be the one that is financial
optimum and also providing maximum social benefits at the acceptable
cost to the society.
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3.0 APPROACH AND METHODOLOGY
3.1 The Approach
The analysis used a mathematical model for the cost and
benefit analysis of the billing cycle. The advantages of using
such a model lie in its being an abstraction and simplification
of the actual situation while still produce concrete results.
This simplification allows concentration on the most important
features and helps clear thinking. In addition many alternatives
can be easily explored. Costs and benefits have been grouped into
categories which give a clearer picture of the relationship of the
process and within these, some assumptions are made to reduce the
complexity of calculating the actual dollar amounts. This approxima-
tion makes it easier to observe the relationships, and the sensiti-
vity of each part of the equation can be explored to refine the model
until the user is satisfied that the calculations are sufficiently
accurate without sacrificing the integrity of the conclusions. Thus
needless detail can be dispensed with to the advantage of usefullness
of the model to explore a wide varity of alternatives. The net
difference between the costs and benefits determines the relative
value of the alternative explored.
The reliability and validity of the final results depend on
the degree of abstraction from the real world. However, if the model
is more close to reality, it will be more complex and will need more
time for each alternate analysis for very little return for the
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effort. For the economy and time saving, a more abstract model
is used to examine the alternatives and to identify the most
important one first. A more detailed model is then used to examine
those important factors more detailed.
3.2 Methodology Employed
Basically, we know there are two dependent variables. One
is the amount of billing cost incurred in each different billing
period. The relationship between the total yearly billing cost and
different billing cycle is shown in Figure 3.1. The word billing






1 2 3 4 5 6
Length of Billing Cycle
FIGURE 3.1 CONCEPTUAL RELATIONSHIP BETWEEN
BILLING COST AND LENGTH OF THE
BILLING CYCLE
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If the Office changes the billing cycle, the yearly cost of
billing will change also. If the decision is to bill customers
more frequently, more jobs have to be done and the cost of billing
have to be increased. The relations between the length of billing
cycle and the yearly billing cost is inverse.
Though the billing cost of a one month cycle is more than
six-month cycle, the increase is not in absolute proportion because
of the spread of the overhead cost.
The second dependent variable is the tangible benefits which
will be acquired in different cycles. The total amount of interest
which will generate from revenue collected is the key factor here.
Revenue size and time length determine the amount of interest the
government will receive. The shorter billing cycle will generate
larger amount of interest for the government because time length in
holding the revenue is longer. The conceptual relationship between
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Billing Cycle
FIGURE 3.2 AMOUNT OF INTEREST AND DIFFERENT
BILLING CYCLE
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The shape of the curve is similar to the billing cost curve.
Those two curves mean different things. The higher the point in the
cost curve means Water Works Office has to pay more which is un-
favourable to WWO. On the other hand, the higher the point in the
interest curve means positive to the Office. What is desired is
to know what is the effect of billing cycle on these two curves and
to incorporate them into the analytical framework so as to show
their functions together.
The last analytical step is to put these two variables
together in a graphical model to show their relationships with the
change of billing cycle by their interaction in a graph.
The major relationship between interest and cost is that they
are pushing the cash flow position of WWO towards two directions.
The shorter billing cycle which generates more interest also has the
impact of increasing the billing cost. The optimum cycle should be
the one which has the maximum net profit between the interest and
billing cost. Those cycles which have a longer or shorter period
than the optimum one will cause the Office to lose part of the maximum
profit it should obtain.
While putting both cost and interest together into the graphi-
cal model, the optimum point should be the one which can adjusting
these two factors as they are pointing at two different directions.
The use of interest loss curve instead of interest curve together with
the cost curve has better visual impact as the meeting point of the
two curves shows the billing period which has the largest net benefit.
Beyond that point, it will either increase the cost or decrease the
interest where the increased benefit from the opposite factor cannot
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offset the loss.
If we assume the shortest cycle-- e. g. a one month cycle--
has the largest amount of interest gain over the other cycles, we can
use this amount of interest gain to measure the interest gain of other
cycles. It is clear that those longer billing cycles have the less
amount of interest gain and we plot a curve just like in Figure 3.3
which shows the correlation between the length of billing cycle and




Length of billing cycle
FIGURE 3.3 CORRELATION OF INTEREST LOSS
AND BILLING CYCLE
The interaction between billing cost, and interest loss was
used to determine the optimum cycle. The best alternative should keep
both interest loss and billing cost to the lowest at the same time.
The intersection point of these two variables, which means keeping
both at the lowest simultaneously, shows the best choice of billing
cycle to be recommended. Figure 3.4 represents how this concept will
perform.
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Length of Billing Cycle
FIGURE 3.4 RELATIONS BETWEEN BILLING COST,
INTEREST LOSS AND LENGTH OF
TNF, RTT,T,TN CYCLE
Though this framework can determine the optimum point, it
is not wise to do it on the aggregate basis. The billing cost for
every customer is nearly the same because of the standardized billing
procedures. However, the big difference of consumption volume
between customers generates different interest loss curve which
implies each customer should have his own optimum billing cycle
because of the difference in consumption. This is unrealistic to
put into practice because there are over 600,000 customers. The
best way to handle this problem is to group the customers into
several classes according to their consumption volume. Each class
of customer should have its own optimum point and all the calculation
was on individual customer basis. The mid-point consumption volume
in each customer group was chosed as a sample to represent the whole
class.
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The other proposing set of alternatives were also considered.
This set of alternatives involves the idea of keeping the meter
reading frequency at once every four month period for those billing
cycle which are shorter than four month. Under this practice, the
consumption figure of each billing period will be estimated by water
works Office on the basis of the four month figure. This set of
alternatives has the advantage of lowering down the meter reading
cost which is the major portion of the total billing cost.
3.3 Concepts and Models
Since the analytical framework shows the function of variables,
the other things which should be investigated in detailed are the
effect of independent variables on the dependent variable. There are
two things to be found out. One is the cost curve and the other is
the interest loss curve.
In order to study the effect of billing cycle on both billing
cost and interest loss, concepts from other relevant disciplines were
borrowed to estimate the consequences. For the billing cost estima-
tion, concepts of differential cost and government standard cost
formulas were used. The writer also used some concepts in Operations
Research to help to formulate the analytical procedure to calculate
the interest loss of various cycles. The average inventory concept
of the inventory model was borrowed for this purpose.
The constructions of both cost curve and interest loss curve
were based on the information the writer collected for the application
of these concept.
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3.4 Limitation of the Model
There are many unquantifiable factors in this simple model
such as customer behaviour which is difficult to quantify and
understand.
The model which is only an abstraction of the reality, cannot
represent the true situation hundred percent. The building and
structure of the model depend mainly on the criteria chosen based on
the objective of the study. It is necessarily incomplete for it is
impossible to take all.relevant considerations into account accurately.
Human bias cannot be completely excluded also. Objectives,
alternatives to consider, relevant factors and even the interpretation
of the result are all subjected to human decision. The analyst can
use his own judgment and intuition concerning these considerations and
come up with his own interpreted result while the decision maker
will insist on his own way to apply his judgment and intuition to
interpret the result,
3.5 Intangible Considerations
Other relevant variables which cannot be quantified and put
into the model should be treated differently. Initially, based on
the information and opinions obtained from the Water Works Office,
the important non-financial considerations were singled out. A
subjective evaluating system was then developed to examine the relevant
intangible factors. The final step now is to evaluate how effectively
the recommended alternative meets the criteria of the important factors.
The final recommendation is a comprehensive one which combines both





One of the basic difficulties in developing the model was
the lack of cost information concerning the proposed future automated
system. It is hard to tell in detail what the future billing cost
will be as the system is only at the design stage. In assuming
that the difference in billing cost between the present and the
future system is negligible, the present cost was used in the analysis.
Water Works Office can then revise the cost figures when the precise
data is known, as the analytical framework can incorporate any cost
change.
The other difficulty is the lack of full cost data. Under the
present accounting practice, overhead, materials and other indirect
cost are lumped together on departmental basis. The full billing
cost is'difficult and time consuming to find out as Water Works
Office does not separate the office into different cost centers. In
the present system, the major cost is the direct labour cost involved
in billing while in the automated system the cost will be the machine
and labour cost. In this study, the direct labour cost was used
in assuming that this is the direct cost of billing which is
varied with the change of billing cycle. The other costs, such
as top management cost, was considered to be the fixed departmental
cost which the change of the length in billing period has no
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effect on it. This is valid where costs are only being compared.
The optimum cycle can still be accurately located even if the
absolute value of the optimum cannot be easily calculated. The
relevant staff had been consulted in the Water Works Office to
obtain the needed cost data.
For the calculation purpose, billing cost per bill per year
has been taken as the basic unit for manipulation. Because the
billing procedure is the same for every account except a very small
number of special accounts,7 the billing cost for those customers
with small consumption is the same as the high consumption consumers.
Under this basic assumption which is logically true, the same
analytical steps for all the consumers can be proceeded.
The billing cost
As mentioned in Chapter Two, the present billing system is
divided into four sections-- meter reading, bill processing,
revenue collection and job completion. The direct labour cost of
each section depends on the number of staff working in each section.
Most staff who devoted hundred percent of their time and effort to
water billing, and hence their costs are easily taken into account.
However, some staff who have their responsibilities other than that
of water billing. Estimating their contribution was a difficult
task (see below, Appendix F as an example). Those staff who are
partly working for water billing had been excluded. If the top
management of Water Works Office has better assessment method for
those staff, this part of billing cost should be taken into
7 According to the. Lowe Bingham Consultants' Report, Exhibit
8, the special accounts only constitute 0.93% of the total.
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consideration. The number of staff working for each section and
their mid-point salary are listed in Appendix E.
TABLE 4,1
TOTAL YEARLY DIRECT LABOUR COST IN THE
PRESENT WATER BILLING SYSTEM
Total Yearly DirectNo. of
Sections
Labour CostSt of f
Meter Reading 2,063,755*97
Bill Processing 1,376,29574
Water Fee Collection 667,42832
619,220Job Complet ion 32
4,726,718235Total
This figure includes the travelling
allowance, uniform and overtime
expenses for meter readers.
The number of staff working in each section shows the
general distribution of work load among the whole water billing
system. The large number of people working for meter reading and
bill processing reflects the heavy dependance on manual processing
of the present input system. The change into automation will have
some effect on the changes of the total number of staff working
for water billing.
After knowing the number of existing staff for the system,
the Government's standard labour cost formula had been used to
calculate the direct labour cost of the water billing. The details
of cost calculation is also listed in Appendix F. Table 4.1 shows
the total direct labour cost for the present water billing system.
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Use of differential cost
Differential cost concept had been used for calculating the
total yearly billing cost for each alternative. Differential cost
refers only to the increase or decrease in total cost that resulted
from the change of billing cycle. The difference of labour cost of
different billing cycle was estimated on the basis of the present
four-month cycle's figure. The opinions of relevant section heads
in WWO had been taken into consideration in making the necessary
estimation. After considering the changes, the variation of total
yearly billing cost was calculated and the figures are summarised in
Table 4.2. Another set of alternatives was made in keeping the fre-
quency of meter reading unchanged are at every four months for cycles
less than this amount. It is assumed that 600,000 is the number of
total accounts.
TABLE 4.2
TOTAL YEARLY BILLING COST OF THE ALTERNATIVES
Reading Meters Every Bi11in Reading Meters Every Four
Period Months or Greater
Alternat ivec
Total Yearly Cost/Bill Total Yearly Cost/Bill
Cost Cost
1 month $17,488,856 $29.14 $12,139,510 $20.23
2 month 15.16 12.1191098,931 7,266,285
3 month 6,158,912 10.16 5,558,597 9.26
4 month 4,726,718 4,726,7187.88 7.88
5 month 6.423,852,274 6.423,852,274
6 month 3,218,894 5.36 3.218,894 5.36
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With the information in Table 4.3, the billing cost curve
can be plotted. The first curve shows the relation of cost change
with the different billing period. The second cost curve, which has
the meaning of keeping meter reading frequency at the four month
period or longer, has a different shape.
In figure 4.1 two cost curves are constructed, showing their
relationship with the change in the length of the billing cycle.
4.2 Benefit Analysis
Assumpt ions
Tangible benefit consist mainly of decrease in interest loss
on cash and reduced bad debt loss. The first of these elements to be
measured is the amount of interest loss of each billing cycle. It
requires another method which is different from the cost analysis to
find out the estimated amount of interest loss in each possible cycle.
The determinating factor here is the lead time in getting the water
fees back. The shorter billing cycle will certainly have advantage
over the longer cycle which has less interest loss than the longer
billing cycle. If merely from the standpoint of how to deduce the
interest loss for Water Works Office, it is desirable to have a
shorter billing cycle which can also help the office in getting back
the water fees as soon as possible.
Suppose that Water Works Office could have a choice of collect-
ing water fees just after each single drop of fresh water has been
consumed by the customer. Then under this situation, this consume and
pay billing cycle would eliminate the lead time in collecting revenues
under an assumption that special payment arrangement has been made.
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Surely this cycle will be prefered because it can generate the
greatest amount of cash inflow for WWO.
Unfortunately, this consume and pay cycle can not be put
into practice right now because it is impossible. However, this
concept can help to calculate the average interest loss of the
possible alternatives. It is assumed that in this theoretically
existing consume and pay cycle has the zero interest loss
because the lead time in getting the water fee back is nonexistent.
The other billing cycles, as compared with this consume and pay
cycle, which have longer time lag will incur interest loss to Water
Works Office.
This consume and pay cycle which has the minimum interest
loss is used to measure all the alternatives. The amount of interest
loss which is induced by the time lag in collection of payment from
public will be called the interest loss of this cycle. With these
assumptions, the analytical process proceeds to the next analytical
step in the following sections.
The average inventory concept
In calculating the interest loss of each alternative, the
average inventory concept of the inventory model was borrowed
from Operations Research. This analysis uses this concept to
calculate the average amount of water fee that is outstanding
throughout the year per customer. Figure 4.2 illust-rates how the
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FIGURE 4.2 AVERAGE AMOUNT OF WATER FEE OUTSTANDING
PER CUSTOMER- THE GENERALIZED
CONSUMPTION PATTERN
Supposing under the present four-month cycle, a new customer
starts consuming fresh water in January. A meter reader records the
consumption figure at the beginning of May and it takes two month
time to finish all the billing and collection procedures and Water
Works Office reconciliates this account in June. In June just before
this account is balanced, the actual amount of water fee outstanding
is at it's maximum of six months charge. After the reconciliation,
the amount outstanding is at the minimum of two months consumption.
This situation goes on and on through the year with the maximum charge
outstanding of six months charge and the minimum of two months charge.
If this consumer has a consistent consumption habit, the water fee for
each month is the same. Then' the average amount of water fee out-
standing for this customer throughout the year is the mid-point of the
maximum and minimum which is equal to four month water fee.
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Actually, it is very hard to find any water account which
has a consistent consumption habit. Usually for the domestic accounts,
seasonal fluctuation in consumption is simply a reflection of the
consumption change in dry and wet season. For the industrial user,
the fluctuation in business is the main reason for consumption
difference.
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FIGURE 4.3 REALISTIC CONSUMPTION PATTERN
In this situation, it is better to use the mean to calculate the
average amount of water fee outstanding in a year. It needs a more
detail past statistics on consumption payment: With the past record,
the standard deviation and the mean can be found. Because of the limit
of the present system's ability, to obtain the relevant data is
impossible at present. In this study, only uniform consumption can be




Though the average inventory concept is very useful in
estimating the average water fee outstanding per customer, this concept
must be estimated on the individual customer basis. Because the con-
sumption difference among each individual consumer is large, it is
impossible to calculate in this way as there are 600,000 accounts in
total. Then. it was decided to break down the customers into serveral
different consumption groups. The calculation will be on each consumer
basis which by using the mid consumption amount of each consumption
group to represent the general consumption level of this group.
Because under the present system, it is impossible to obtain
any information on customer grouping. However, Division of Data
Processing has a 1973 Industrial Census Statistics which provides very
useful information on industrial customer grouping. Division of Data
Processing processed the 1973 payment records of all the trade accounts
and produced some statistics. Table 4.3 shows the number of accounts




TRADE CUSTOMER DISTRIBUTION, 1973
(FROM INDUSTRIAL CENSUS
STATISTICS, 1973)
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Since the industrial customer is only a small portion of the
total number of accounts, further information is essential for cus-
tomer grouping. Random sampling method was decided to be used to
take sample of accounts out from the total 600,000 accounts. The
size of each sample was decided subjectively. It is hoped that the
results of sampling can provide some information on customer group-
ing. Repetetive small samples were plotted until diminishing returns
indicated the total sample size was large enough.
As present, W O stores the information including the name of
the customer, account number, and previous payment records on the
account sheet. Each account sheet contains the information of a
single customer and is put in a wooden box. Each wooden box has
about five hundred account sheets laying on a long table. Each table
has three layers and each layer has ten boxes. The tables are located
7
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in the room of the Average Section. All the account cards are
stored according to the account number which are corresponding to
the location of the customers.
Each time, fifty customer account cards were taken out and
recorded the previous payment to determine which customer group the
customer belongs to. First, the writer read downward from the random
table and took out every the fifth pair of digits. If the number
was not greater than ten, then the number was accepted and used to
determine the number of the long table that holding the account card
box was located. The next digit which was on the left of the table
digit decided which layer of the table to be chosed. If the number
was greater than three, the writer just divided the number into three
and used the answer to determine the layer. On each layer, there
were ten boxes to be chosen. So the next left digit assigned the
number of the box and each account card was taken out from the
assigned box randomly. The same procedures were followed until
fifty accounts were choosed. This method was used again to obtain
another fifty samples from the whole population.
After finding out hundred samples, the size of the total
population was restricted by assigning district subjectively. The
next fifty samples, were obtained by the same method but were only
taken from Tsuen Wan district which was used to represent the indus-
trial area. The next fifty samples were taken from Lai Chi Kok which
was denoted as the mixed land use area. Mon Kok district was the
area where the next fifth fifty samples were taken as the representa-

















The result of these random sample shows that most of the
customers are in the low consumption class. The absence of high
consumption customer is because of the lower probability for those
customers being chosed. Taking average of these samples,
another picture of customer distribution which is summarised in
















Table 4.3 to 4.4 (DPD's statistics for trade accounts only)
had been compared and the difference in percentages was averaged.
The result from 1973 Industrial Census Statistics is accurate in the
high consumption volume group because nearly all those high consump-
tion customers are the trade customer. The only exception is the
communal accounts which the whole building shares one water account.
According to the Water Works Office staff's estimation, the total
number of this accounts is around 50 to 100 with the consumption
ranging from $1,000 to 50,000 in each billing cycle. The estimation
of these customer groups was averaged to estimate the portion in the
total of 600,000 accounts. For the small consumption group, the
percentage of the random sample had been used to represent their dis-
tribution. The result of the adjusted figures is listed in Table 4.6.
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TABLE 4.6
THE ADJUSTED CUSTOMER DISTRIBUTION
Percentage`
Percentage
Finalin Indus-ConsumptionCustomer in Random











0 0.0120.012$100,000 and above10
* Taking 600,000 as total number of accounts.
The result of Table 4.6 was used to find out the distribution
of revenue collected among different customer groups. The mid-point
in each consumption level is used to represent the average consump-
tion amount in each group. Table 4.7 is the result of the calculation.
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TABLE 4.7
PERCENTAGE OF REVENUE COLLECTED FROM
DIFFERENT CUSTOMER GROUPS
Percentage Percent ageMid pointCustomer RevenueConsumpt- of total of totalGroups (in thousand)ion amount accounts revenue
1 85.8%$50 25,740 30.95%
2 12.2 21,96o$300 26.4%
1.2$750 6.49%3 5,400
4 0.306$2,000 4.41%3,672
$4, 000 0.227 6.55%5 5,448
6 0.052 2,370$7,500 2.85%
0.028 2,595$15,0007 3.12%
8 0.021$35,000 4, 550 5.47%
o. 0085$75,000 4.59%9 3,825
10 0.012$100,000 7, 600 9.13%
Total $83,160
The estimated revenue $83,160,000 is larger than the actual
amount of revenue collected with the variance of $32,714,000.8 The
most obvious reason is the mid-point consumption figure has been
chosen to represent the general consumption volume of each customer
group. If most of the customers have the consumption figure lower
than the assumed mid-point consumption, then this assumption will
induce large variance as comparing with the actual figure. As it is
difficult to count the approximate number of accounts, it seems that
the variance in total revenue collected will not affect the result
of the study very much.
a At the second billing cycle in 1975, the total revenue
collected is $50,446,000 excluding the delay payment which accounts
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as the major purpose is trying to determine the optimum cycle.
Figure 4.4 shows the estimated customer distribution.
Average interest loss
The next step was to take the mid point consumpt ion figure
in each customer group and to use the average inventory concept from
Operations Research to calculate the amount of water fee outstanding
per customer per year. Detail calculation and method are attached
in Appendix I. The seven percent annual rate was used as the interest
rate for this sum of money. Since the interest rate for inter govern-
mental department lending is different each time, this seven percent
was selected under advice from Water Works Office management. The
next step was to multiply the interest rate with the amount of water
fee outstanding and to obtain the yearly interest loss per customer
in each customer group. Table 4.8 is the summary of the result and
the calculation of interest loss is also attached in Appendix I.
From the findings in Table 4.8, the interest loss curve of
different customer groups was plotted. Figure 4.5 to 4.7 show the
shape and magnitude of each curve indicating the interest loss by
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I8- Group Eight Customer
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AMOUNT OF YEARLY INTEREST LOSS IN EACH CUSTOMER GROUP
6 Month Cycle5 Month Cycle4 Month Cycle3 Month Cycle2 Month CycleOne Month Cycle
AmountAmountAmountAmountAmountCustomer Mid Point Amount InterestInterestInterestInterestInterestInterest Out-Out-Out-Out-Out-Out-Con-Groups LossLossLossLossLossLoss standingstandinstandingstandingstandingsumption standing
43 $3.06 $ 50 $3.5$2.62$2.18 $37.525 $1.75 31$1.311 $18.75$ 50
21262 18.3615.72225 30013.0818710.5150112.52 7.86300
656 750 52.5468 54.926.25 39.3562.519.65281.25 32.73757503
140122.4 2,0001,750104.887.2 15001,2501,0004 2,000 7052.4750
4,000 280244.8209.6174.42,500140 3,5002,000104.84,000 300015005
4596,562 5257,5004,687262.5 393196.5 56252812.5 3276 3,7507,500
105015,00013,12511250654 91878615,000 525 9,3757,50039356257
2450214218341526 26250 35,00021,8751225 30,62517,500131258 91735,000
459065,625 525075,00046,8752625 39305625028125 1965 327037,50075,0009
100,000612087,500 7000436062,500 75000 52402620100,000 350010 50,00037500
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Bad debt consideration
The second major element in benefit analysis which has not
yet been considered is the bad debt loss. Usually the occurance of
bad debt result from: customers deliberately avoiding payment and
trade customers who closed their business. By refering to Appendix
H, the average number of bad debt accounts in the second billing
cycle 1975 is only 0.490 of the total accounts. The amount of bad
debt losses is about three per cent of total revenue. This figure
was used to estimate the average bad debt loss per customer. The
average loss is $3.03 per customer and total of $1,818,785 loss of
revenue in each billing cycle.
Because the number of bad debt accounts is small, the writer
assumed that the change in the length of billing cycle will not have
any significant effect on the number of bad debt accounts. It was
realized that there are some psychological effect on customers if the
length of billing cycle is changed. This effect will be discussed
in Chapter Five. Then for each alternative, the bad debt loss per
customer is assumed to be about $9.09 per year. This additional
amount of money can be viewed as an extra expenditure by the Water
Works Office. Because WWO has to write off this amount of money each
year, the bad debt loss is considered to be part of the cost of Water
Works Office. The total amount of bad debt loss is assumed to be
equally distributed among all the accounts. Under this assumption,
the cost curve rose and met the interest loss curve at a position
which is more close to the left. Figure 4.8 is the total cost curve
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4.3 Cost- Benefit Loss Function
The meeting point
The final step of this chapter was to put the cost and
benefit loss curve together to determine the optimum. We can see
how the cost is going to decrease as the length of the billing cycle
is lengthened. On the other hand, the amount of interest loss has
the reverse relationship. The intersection point of these two curves
represent an optimum point where keeping both billing cost and
interest loss equal to each other. If the billing cycle is longer
or shorter than the optimum period, then either the billing cost or
the interest loss will be increasing which will lower the total net
return to the Water Works Office. The optimum billing cycle is the
point where keeps the total amount of billing cost and interest loss
at the minimum. This cycle is the most favourable one for Water
Works Office to practice financially.
Because the consumption volume is different in various customer
groups, the position of the interest loss curve shifts and produces
different intersection points among different consumption level.
Figure 4.9 to 4.11 show how these curves showing the theoretical
optimum for each categories.
Summary of findings
Re fering to Figure 4.9 to Figure 4.11, the cost and interest
loss curves meet together to determine the optimum point. Because of
the lower cost for the alternatives which keeps the meter reading
frequency once every four month, the optimum cycles for this set
of alternatives are shorter. Table 4.9 summarizes the result of
the tangible factor analysis.
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Optimum point Optimum point
1 12 month 12 month$o-100 30.95%
2 4.5 month$101-500 4.25 month 26.4%
1. ?5 month 1.25 month 6.49%$501-1,0003
4 .75 month 4.41%.5 month$1,001-3,000
.5 month .5 week 6.55%$3,001-5,0005
6 less than less than 2.85%$5,001-10,000
.5 week .5 week
less than less than$10,001-20,0007 3.12%
.5 week .5 week
8 less than less than$20,001-50,000 5.47%
.5 week .5 week
4.59%less than less than$50,001-100,0009
.5 week .5 week
less than less than10 above $100,000 9.13%
.5 week.5 week
4.4 Analytical Considerations
Solutions to be considered
From Table 4. 9, we can see there are altogether twenty
proposing optimum alternatives. These twenty answers can be divided
into two set of alternatives which are subjected to the difference
in meter reading frequency. If we carefully examine the difference
between the first and second set answers, the difference between the
length of proposing cycles is small ranging from one month difference
to no difference. Generally speaking, no matter what decision Water
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Works Office makes on reading the consumers' meters, the optimum cycle
will not vary much although the absolute benefit will be different.
In theory, we can have ten different billing cycles for ten
different groups of customers. However, it is neither economical nor
practical to put this idea into practice. Because of the uneven
distribution of- accounts in each customer group, to have ten
different cycles will create chaos and confusion for the staff in
handling their jobs never mind consumer reaction to such a system.
Moreover, this kind of billing cycle arrangement would complicate the
billing system which is hard to manage and control as it is.
For- the pragmatic reasons, then the number of billing cycle
may be not more than three. Similar customer groups having the near
length of billing cycle will group together to have one general cycle.
This second step of customer grouping may depend on personal opinion
and the difference of time length of the ten proposing cycles.
If we combine serveral customer groups together and choose one
general cycle appling to all these groups, there is an effect on the
total net return to the office. For an example, if we select a six
month cycle to group 1 and group 2 customers then this six month cycle
has an effect on the net return of these two groups. For the group 1
customer, six month cycle is shorter than the original optimum and
this six month cycle will increase the yearly billing cost and then
reduce the net return to the office. For the group two customer, this
six month cycle will reduce the amount of interest received as com-
paring with the original optimum cycle of four month period. No
matter which cycle we are choosing, the net total return to Water
Works Office will be lower than the original ten optimum cycles.
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As the major objective of the study is to come up with
recommendations which are practical to the Water Works Office. The
major point is for practical reason. What had been mentioned in
the above is a question of putting the theoretical optimum into
practice. It is merely a question of intangible consideration and
will be discussed later.
Customer grouping considerations
The foregoing analysis depended upon a quantification of the
distribution of the customer with regards to the level of consumption.
There are two aspects to this sampling problem. One aspect of this
problem is because of the population size. There are all together
600,000 trade and domestic accounts. All the account cards are
currently kept in one room with a uneven distribution of consumption
group. Under this situation, to use a probability sampling technique
will require a much carefully designed sampling plan.
The second consideration is the class interval for customer
grouping. At present, the scale that being used was made by considering
opinions from relevant staff. However, the magnitude of class interval
in each group determined the mid-point consumption volume to be chosed.
The size of the mid-point consumption, on the other hand, directly
controled the amount of water fee outstanding which affected the size
of interest loss. If we choose another class interval, the size of
interest loss will change and shift the position of the interest curve.
This is especially significant in the high consumption groups.
Under the present sampling technique, only the last payment
record was used to represent the general consumption volume of the
customer. Because uniform consumption pattern rarely existed, the
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customers' consumption pattern is better to use the mean consumption
which is calculated from the past serveral payments to represent.
This is especially true for the high consumption groups because
their changes are large as a reflection of the fluctuation of the
business cycle of the industry. For those small consumption
domestic accounts, the magnitude of consumption fluctuation is
small and usually does not affect the change in customer distribution
very much.
Calculation of optimum
The construction of both cost curve and interest loss curves
were drawn by connecting the six points which represent the situation
of the six alternatives. Then, both curves were extended by
following the trend of the curve to longer than six month or shorter
than one month cycle. The reason for making the extension is
because the intersection point representing the minimum cost/maximum
benefit point cannot be found in some customer groups within the
calculated range. For those smallest or higher consumption groups
the difference between billing cost and interest loss is large and
intersection point cannot be found between the one-month and six-
month period.
Since the change in both interest loss and cost from different
cycle is assumed to follow the same trend, the optimum cycle which
is shorter than one-month or larger than six-month is determined
under this assumption. These are summarized in Table 4.10 together
with the relevant levels of revenue for each category.
The cost calculation
The average cost per bill was calculated by dividing the
57
direct total labour cost by the total number of accounts. However,
if the recommendation of two or more different billing cycles for
various customers is put into practice, some changes in the processing
sequence will occur. It is not sure whether these changes will cause
any difference to the cost structure or not. If the difference
is large enough to change the shape of the curve, then the position
of the intersection point will shift and the new intersection will
mean another optimum to the Water Works Office. At the present
stage, it was assumed that there will not be any cost changes which
affecting the intersection.
This consideration also comes with the cost structure of the
future system. The cost for the future billing system is expected
to be quite different from the present system. If accurate cost
data of the future system is known, the shape of the cost curve will
change and may come up with another optimum solution. All these
considerations-require the completeness and accuracy of the cost
data.
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5.0 INTANGIBLE FACTOR ANALYSIS
5.1 Method of Evaluation
A previous feasibility study estimated there are 9,500
enquires in each month to the Water Works Office.9 The form of
enquires includes letters, phone calls and personal enquires.
Because the present system cannot break down the enquires into
different nature of inquires, we cannot know the exact number of
enquires concerning about water billing.
If we consider that on the average, Water Works Office issues
150,000 bills per month, then the number of complaints and enquires
concerning water bills in this cycle is a reflection of customer
satisfaction level.. The Water Works Office can determine the minimum
rate of enquires which is the acceptable rate. Then the data of each
month will be an index showing whether the Billing section's
performance is up to the standard or not. When the management con-
siders this point, the other up-quantifiable factors such as consumer
behaviour should be taken into account in order to make the evalua-
tion. However, all these have to be done only when the new system
is put into practice.
The word intangible factor means those factors which cannot
be quantified and incorporated in the analytical framework but are
also very important to the decision maker. As a government depart-
9Lowe Bingham Management Report, Exhibit 25 Analysis of
Inquires, April 1974, Hong Kong.
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ment, Water Works Office should utilize the limited available
resource to maximize the service standard offered to the general
public. The ultimate purpose for Water Works Office to offer
service is to improve the quality of life of the local people.
If the chosen billing cycle really achieves this ultimate purpose,
then it is really the optimum cycle for the whole society.
Unfortunately, the word quality of life has many different
meanings and can be interpreted differently by each individual.
The main reason is that quality involves many aspects and are sub-
jected to subjective evaluation. Most of the aspects cannot be
quantified and lack of a general accepted standard. What will the
effects of the change in the length of billing cycle on the
intangible considerations are important before the management
accepts the result of the financial analysis.
Based on the careful examination of the effect of the change
chosed the major considerations. Opinion from relevant staff pro-
vided some basic ideas for the evaluation. Each consideration
was examined to see whether it is conducive to having a longer
billing cycle or not. At the end of all the considerations, the re-
sult of each intangible consideration was evaluated and compared it
with the result of the financial analysis.
5.2 Customer Service Considerations
Maintaining regular service to the public
The major service of the Water Works Office is to supply
regular fresh water to consumers. Because of the limitation of the
physical environment, it is impossible to supply fresh water without
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charging the consumers. Consumers pay their water fees for the
fresh water they have consumed. To have a regular fresh water
supply is the first priority when Water Works Office is thinking of
improving service standard. The regular service will be interrupted
either by a shortage of fresh water or a disconnection of water
supply to any customer. Since the solution to the shortage of fresh
water relates to other things, such as the construction of reservoir,
which is not in the scope of this study, only the second reason is
considered.
The reason the Water Works Office issues a disconnection
order is because the customer has not paid the bill after the final
due date. We can refer to Appendix F for the number of disconnection
order issued by Water Works Office in the second billing cycle, 1975.
Generally, customers whose water supply have been disconnected can
be grouped into three groups:
- trade accounts which are going out of business
- customers who have not paid their payment
- customers who have been issued wrong disconnection
orders
The worst situation is to issued wrong disconnection order.
Sometimes, while the consumption figure is still at the dispute stage,
the customer are not willing to pay first, and the arrear section
does not receive the information and then sends the disconnection
order. Comparing the longer and shorter billing cycle, the pro-
bability of producing errors of this type may be higher for the longer
cycle. Sofar as the accuracy rate of the computer is higher and
the information can also be. updated easily, the difference will
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be negligible.
Helping a customer to regulate his consumption
Because water is a necessity, Government should try the best
in providing cheap water supply to everyone. In Hong Kong, water is
a scarce resource. If water fee is too cheap, there will be an
effect of stimulating people to consume more water which is beyond
the necessary volume. Each water bill that a customer receives is
a notice of how much this consumer consumed. This notice gives an
idea to customers to make any adjustment on water consumption.
A shorter billing cycle can help customers to know about
their consumption pattern more quickly and frequently. While a
longer cycle does not have this advantage. Taking an example: in one
month cycle, consumers can adjust their consumption monthly and in
the six month cycle, customers have to wait for six months to know
that they are over consumption. This is especially important to the
big trade customers because their consumption volume is large. This
kind of signal of over consumption can help customers to save money
on the unnecessary fresh water consumption.
Early detecting of meter faults
Since a meter fault whether it is mechanical or not can
disrupt the regular service to customer, a rapid repair is essential.
The shorter billing cycle which together with same meter reading
frequency is desirable. At present, Water Works Office has obtained
authority to estimate the consumption figure of any particular
customer if the consumption figure is not available due to technical
problem. The present practice is to calculate the average consumption
from the past consumption figure and this pract ice is unknown to the
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customer. If this practice is only an emergency act instead of a
common practice, it is best for Water Works Office to minimize this
practice. If under this assumption, having a frequent examination
on the meter is essential for assuring best service to customers.
Those billing cycles which require more frequent meter reading are
more favourable to Water Works Office.
Inquiry
The other way to improve the customer service is to speed
up the inquiry response time. However, it depends on either the
ability of the system in answering inquires or the volume of
inquires. The ability of the system to answer inquires relates
closely to the nature and design of the future automated billing
system. The amount of inquiry depends on many things. It is
logical that those inquires concern the water bill have a relation
with the billing cycle. However, if customers are billed more
frequently in a year, the volume of this kind of inquires will
increase. How closely this relation will be is still unknown. But
if the new system has a greater ability in answering inquiry, then
this increase in inquires will not cause any trouble to Water Works
Office. On the other hand, because of the accuracy rate of the
future system is higher, it will limit the errors in water billing
and the difference in billing period will not vary much.
Convenience
The term convenience means convenience to the customers.
In this consideration, the length of billing cycle has two types of
effect. First, the shorter billing cycle means the spreading of the
amount of water fee into several payments. The smaller amount that
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requires customers to pay in each payment period means a less
financial burden to customer. A customer can easily pay the bill
without requiring to prepare for a larger amount of money. This is
especially true to the big consumption customers.
The other thing to consider is the procedure and time required
for customers to pay water fees. The shorter billing cycle has the
effect of pushing customers of various cycles together in a short
period in making their payments. As if all the customers have to
pay water fees in a month, it increases the workload for the revenue
collection section and may sometimes make the customers spend more
time in waiting to pay their fees. On the other hand, the shorter
billing cycle means customers have to pay water fees more frequently
in a year than the longer cycle.
Employment consideration
In this consideration, a shorter billing cycle is different
from the longer billing cycle. Because of more frequent billing, the
work load for both meter reading and water fee collection could be
increased in the short billing cycle though the automated system will
obviate this. The increase in work load could also mean that the
Water Works Office has to employ more people to handle the job.
Early payment consideration
Here concerns something with consumer behaviour which is
difficult to predict. The shorter billing cycle is assumed to have
an effect of forcing customers to pay earlier. This is because the
financial burden to customers is less and they can pay the bill more
easily and the time is short for them to pay the bill. According to
the experience of the staffs in Inland Revenue Department, about 8090
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of customers pay their bills three days just before the due day. In
the shorter billing cycle, the time allowance is shorter and then
people will pay earlier.
Other investment considerations
If government is now facing more investment opportunities, a
shorter billing cycle is more suitable because it generates more
money than the longer billing cycle. On the other hand, the short
billing cycle has the merits of strengthening the department's cash
flow position and enabling the Water Works Office to adopt other
projects which may improve the Water Supply situation in Hong Kong.
5.3 Conclusion
Making a decision on intangible considerations is a difficult
job to do. No one knows the exact weighting of each consideration.
Different person has different view in making his own evaluation.
The result is summarized and listed in Table 5.1.
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TABLE 5.1
SUMMARY OF INTANGIBLE FACTOR EVALUATION
Intangible
Short Billing Cycle Long Billing CycleConsiderations
Customer Service:-
regular service favourable not so favourable
error rate not much not much difference
self regulating favourable not favourable
consumption volume
by customers
detection of error earlier later
inquire rate increase decrease
payment as a financial less burden as a burden
burden




favourable not favourabletransfer of payment
investment more less
opport unit ies
public employment more less
time delay in making shorter longer
payment
more lessworkload in a year
Most of the considerations here favour the decision of having
a shorter billing cycle. When a short billing cycle is proposed, the
other factor to be considered is the work load for meter reading and
water fee collection. The slow processing speed in these sections
means the bottleneck portion of the system. Short billing cycle
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has the effect of pushing the work loads into a short period and
increase the bottleneck which may reduce the efficiency of the system.
Though the result of the bottleneck inefficency is not being known,
it is wise to think about it when most intangible considerations
favour the short billing cycle.
On the whole, this part of the study is based heavily on a
personal evaluation. The out-come may be different from other
person's viewpoint.
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6.0 SUMMARY AND RECOMMENDATIONS
6.1 Summary
Refering to Chapter 4 and 5, we have come up with some idea
of what the optimum billing cycle should be. For both financial and
non-financial considerations, it is not feasible to bill all 600,000
accounts in a single cycle. The present four-month cycle which
applies to all customers is not the best practice from the economic
point of view as the difference of consumption among customers is
large. With the result in Chapter Four, it is clear that it is more
economical for the WWO to bill large consumption accounts more fre-
quently. When we are thinking of the intangible considerations, the
shorter billing cycle seems more favourable than the longer cycle.
One of the disadvantage to the short billing cycle proposal is that
the time and staff required to handle the large input and output (meter
reading and fee collection) which will create a bottle neck to lower
the efficiency of the system. Though the short billing cycle is a
preferable one, it can only apply to a small number of accounts.
6.2 Recommendations
Two cycles
Based on the result of the analysis in Chapter Four, ten
different billing cycles which apply to different consumption level
is feasible from the financial point of view. The length of the pro-
posing cycles are ranged from one week to one year. However, this
ten cycle proposal is not feasible from the practical point of view.
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cycle while the domestic accounts have the four-month cycle. As most
of the trade customers belong to the high consumption group, the effect
will be similar to the first proposal. Table 6.1 and 6.2 are the
preliminary estimation of the monetary consequency of the proposal.
TABLE 6.1
A PRELIMINARY ESTIMATION OF MONETARY CONSEQUENCE
IF ALL TRADE ACCOUNTS ARE BILLED MONTHLY
Additional Additional
Interest
cash out- cash out-
saved per Number Total flow (meter flowCustomer customer
of cash reading (readingGroups in change
accounts inflow frequency meter once
of billing




1 2 83 $ 3, 495$1.31 6,016$ 370
2 10, 4141325 28,169 16,3637.86
19.65 1018 20,003 21,6423 12, 572
4 1237 66,705 27,063 15,72152.1+
101+ 34, 89 8 4,1125 7,079333
6 196 62,094 6,718316 3, 902
173 67,989 2,1367 393 3,677
8 130 119,210 2,763 1,605917
1965 100,215 i, o84 6299 51
262010 199,120 1,61576 938
$681,020 $105,832 $61,478
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When considering the conclusion of the intangible factors analysis
in Chapter Five, it is clear that the number of cycles should be not
more than three. One of the main reason is because of the customer
acceptance. It is difficult to make customers to accept the new system
of billing as people will think it is not fair for others having another
length of billing cycle different from theirs. On the other hand,
this abrupt change of billing cycle system needs legal approval and re-
quires many legal procedures.
In determing the length of the cycle, the shortest cycle such
as the weekly cycle is also not feasible. It is because it is against
the assumed customer behaviour. A yearly cycle is also too long as it
will increase the number of bad debt and not feasible to put into
practice. Just summarized the idea from Chapter Four and Five, a
recommendation of two billing cycles is formulated.
The big customers (refers to the consumption volume) should be
billed monthly. For those small consumption groups, four-month cycle
is a better one. This recommendation is feasible because:
- the number of accounts having a monthly cycle is small
- the high consumption groups contribute about 44% of the
total water fee collected (refer to Table 4.9)
There are two ways in separating the customers into two groups.
First, it can be divided according to their consumption volume. Those
accounts which having the present consumption volume above $500 per
cycle can be billed monthly and those accounts which lower than $500
can be billed once every four month.
However, Water Works Office can also classify customers into
trade customers and domestic customers. Trade customers have a monthly
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TABLE 6.2
A PRELIMINARY ESTIMATION OF THE MONETARY CONSEQUENCY
OF BILLING CUSTOMERS WITH THE CONSUMPTION
AMOUNT ABOVE $500
Add it ional Addit ional
Interest
cash out-cash out-
saved per Number Total flow meter flow read-
Customez customer
of cash ing meterreading
Groups in change





6,0162 831 $$1.3] 31495370
2 7.8E 720C
88,920141,48o 153,072153619.6 13
4 22, 6741362 39,03396,20652.4
28,958141,648 16,820104. 3165
62,094 6,7181736 196., 3,902
4,677 2,13667,9891307 393
2,763119,210 1,6058 917 51
100,215 1,084 6291965 729
2620 199,120 1,530 88910
$927,962 $236,835 $137,575
If WWO decides to bill all the trade customers monthly, the
net monetary gain will be $575,188 per year. For those alternatives
which keep meter reading frequency at four-month period or even
longer, the gain will be $619,542. If only those customers whose
consumption amount higher than $500 are billed monthly then the gain
will be $691,127 and $790,387 respectively. However, these figures
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are subject to change if the distribution of customers is changed.
Ftirther sample
One of the major considerations to WWO is the total net
amount of monetary gain when deciding whether to change the billing
cycle or not. The preliminary estimation is about $600,000 a year
based upon the current sampling and analysis of the account distri-
bution. The vital determinant is the number of accounts in each
customer group which depends heavily on the result of the sampling.
The variance of estimated saving with the current sample size indicates
that it could even be as much as $100,000 per year.
Total population size is 600,000 and the distribution of
each type of account is very uneven. This makes it very difficult
to come up with a suitable sample size for further research. The
250 random sample is mainly an exploratory attempt in getting relevant
information on customer grouping. The best method is for the future
automated system to make a search of the whole customer file and
come up with a clearer picture of the distribution.
When coming down to the question of consumption amount of
each customer group, we also have problem. If we decide to use the
mean value to represent the general consumption volume of each
customer group, we have to pay attention to the variance and standard
deviation of the mean value in order to determine the confidence
level of the result.
The other question concerns the determination of the class
interval of each customer group. For those large consumption account
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groups, the difference between the lower and upper limit is over
. thousand dollars,'and each single account has larger influence
on the calculation of the mean consumption. If it is possible, a
small sample for the high consumption group is used for testing the
sensitivity of the change of class intervals in affecting the
result.
Recalculate the cost
When compared to the interest loss analysis, the cost calcu-
lation is much simpler. However, the lack of full cost information
of the future automated system, such as the material cost, is the
weakness in this point. In order to improve the quality of the
result, full cost data is recommended. Some fixed costs, such as
top management personel cost which do not affect by the length of
billing cycle, can be excluded as the optimum cycle is concerning
about the operating optimum. It is believed that if more cost inform-
ation is available, the cost curve will shift much upward and the
optimum point will change. As because of the interest loss in the
high consumption group is far exceeded the cost incurred, the
optimum cycle-will not change very much. The effect on the small
consumption group is larger but if the billing cycle is too long,
it has another bad effect on the intangible consideration (refers to
Chapter Five). From the practical point of view, the proposing two
billing cycle system is recommended.
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Time Target Schedule for Each Action Stare of the Slin Posting System
(Revisea as at 16-8-1973)
Appendix A
CALENDAR ADYS








































Comcefor payment before due date
Accoant closing for due date reconelliation and imposition of surcharges
Pacting stube after due date and listing outetanding Accounts for final notices printing
Final notices printing by Addreseograph Section
Plant rosiers prepared and despatches cone day for postal delivery inoluded)
Otice for paymentbefore due date of final noticas
Houseclosing for recoreiliation and Roturn of Disconnetion Ordars and handing over of ecounts from Current Teat
as Anst Arrenrs Team
Aocornation oriers prepared and despatched
Costion of Gisconnection orders by House Services Section
Ceserve fro contingent delays in earlier action stages
Forting at atubs for paymentfollowing re-connoction of water supply af account elesing for reconeillation and handing over of accounts from
birst Arrears Teamto Arrear Section (Final Arrears Team)
(1) The numbersshownin brackets are working days
(2) 7 calenier days are counted as 5 working days after taking
into accountof the gezeited public holidays.
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APPENDIX B































































































DIRECT LABOUR COST CALCULATION
1. The Formula
Colonial Secretariat uses a standard formula to calculate
the total annual expenses for each government employee. The expense
includes such items as salaries, medical and pension allowance.
37% of Annual salary
2. Number of Direct Labours
The whole process of water billing is divided into four
parts according to the nature of the job. The working procedures
were observed and obtained the employee number from each section.
Only those staff whose responsibilities are hundred percent devoted
to water billing were taken into account. All the information was






x 12 + $1170
78




44,9001Executive Officer II $2,660
69,4162,0402Chief Meter Reader
1,54021 556,240Meter Reader

































4. Other Additional Cost
There are some additional expenses in Meter Reading Section.
The reason is that the meter readers have to go out to read the
meters which incurs travel and uniform expenses.
Uniform Cost:
$875 for each meter reader or junior meter reader
per year
$875 x 75= $65,625
Travel Expenses:
Allowance for junior meter reader
$20 x 54 x 12= $12,960
Re-inbursement: $3951.3/year
Total Additional Cost:
$65,625+ 12,960+ 3951.3= $82,536.3
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5. Total Direct Labour Expenses
The total direct labour expenses for the whole water billing
system is:
$1,981,239+ $1,376,295+ $667,428+ $619,220
+ $82,536= $4,726,718
The total direct labour expense for four month cycle is
$4,726,718. Taking 600,000 accounts as the total number of accounts,
the direct labour cost per bill is $7.88.
81
APPENDIX F
ESTIMATION OF INDIRECT LABOUR COST
Some ataff whose jobs are partly devoted to water billing
and the cost for this group of people are hard to determine. Just
to take the staff in Inland Revenue Department as an example, clerks
who control the registers to record all payments to Government are
the indirect labour to the water billing system. Collecting water
fees is only one part of their jobs as there are other fees, such as
rates that are also collected by this group of people.
An assessment method was developed in finding out the cost
involved in water billing. Meanwhile, there are four offices handling
fees collection. Each register is controled. by a clerk II and the
labour cost of this part is calculated under the following assumption.
In each month, there are three due dates for three different billing
zones. Accouding to the expenience of the staff, ninety percent of
the customers pay their bills in the period between the due date and
three days before. Each month, these staff have to spend nine work-
ing days for water billing providing that no other fees have to be
collected during this period. It is estimated about fourty five
percent of their total effort is devoted to water billing. The total
cost of this part is about $203,704 per year and $.33 per bill per year.
In the comparision with the total direct labour cost calculated in
Chapter Four, this part of cost is about four percent of the total
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labour cost. The indirect cost is excluded at the present moment
because other similar costs such as overhead cost are much harder
to define. If any better assessment method and data are available,
this part of cost should be incorporate in the study.
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BILLING COST CALCULATION FOR THE SIX POSSIBLE CYCLES
1. Basic Assumption for Calculation
Because the work loads for reading meters, processing bill
and reconciliating accounts staff are at the maximum, the cost for
these staff is changed directly in proportion to the change in
billing frequency in a year. Other staff, like the number of the
supervising staff does not vary in the same proportion, the amount
of cost change will depend on the relevant staffs' opinions.
It is assumed that about 85% of the total cost varies in
direct proportion to the change in billing cycle. The other 15/
is changed only at half of that magnitude.
2. Cost of Six Alternatives
One Month Cycle:







Cost for monthly bill but read the meter
once every four month:
$1,981,239+ (2,745,479 x 85%) x 4+ (2,745,479
x 15%) x 2












Meter reading frequency unchanged














Meter reading frequency unchanged
$1,981,239+ 2,745,479 x 859/6 x 1.33+ 2,745,479
x 15% x 1.15





















REVENUES AND BAD DEBT FIGURES
FOR 1975, 2nd BILLING CYCLE
ininNo. of*Total
TotalArrearDiscon- TotalNumber of Total
WaterAmountnection NumberAmountAccount














1, 818660,198 3,203Total 50,453
.43267 3.27Average
Excluding those disputed accounts.
These figures were copied from the account ledger book in Slip




AVERAGE INTEREST LOSS PER CUSTOMER PER YEAR
1. Assumption:
It takes one month time to process bill and collect revenue.
The consumption pattern for customers is uniform.








1 2 3 4 5 6 7
The above figure illustrates how the average inventory concept
was used to calculate the average amount of water fees outstanding of
a year. Le us take one-month cycle as an example. Supposing that
this customer is a new customer, after the first month, Water Works
Office staff records the consumption figure. The department receives
payment of the first month water fee at the end of the second month.
The maximum water fee outstanding is the two-month water charge. The
3 Q
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minimum amount is the one month water fee charge when the Water
Works Office just receives the payment. If the monthly consumption
volume is Q unit, then the maximum and minimum unit is 2Q and Q
respectively.
The average amount is
By using the same method, the average interest loss per
customer per year was calculated by multipling the average water
fee outstanding of a year to the assigned interest rate.
The result of calculation for all ten customer groups are
listed on Table 4.9. The attached figures show the method of how
to find the average amount of water fee outstanding in a year for
the six different cycles for the group one customer. For the rest
of the customers, we just simply multiply the answer of group one






20 $18o75 (average amount)
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1香 港 政 府 水 費 賬 單 系 統 電 腦 化 後 之
適 當 轉 帳 週 期 研 究
香 港 政 府 水 務 司 有 鑑 于 提 高 服 務 水 準 的 重 要 ， 加 上 用
户 數 目 日 增 ， 耗 水 閉 亦 日 漸 上 昇 ， 深 覺 目 前 以 人 力 為 主 的
轉 賬 系 統 ， 不 足 以 應 付 未 來 需 要 。 故 有 關 當 局 ， 早 在 六 年
前 即 已 考 慮 應 用 電 子 計 算 機 處 理 水 費 賬 單 ， 祈 能 達 到 快 速
， 準 確 及 完 善 的 轉 賬 服 務 。 本 港 一 間 顧 問 工 程 公 司 ， 曾 於
六 年 前 應 邀 對 此 事 作 一 研 究 ， 並 于 一 九 七 四 年 四 月 ， 向 水
務 司 呈 遞 報 告 書 。 報 告 書 中 對 有 關 用 電 子 計 算 機 一 事 ，
2作 出 肯 定 答 覆 ； 此 外 ， 由 于 雲 子 計 算 機 的 快 捷 運 算 ， 故 在
技 術 上 言 ， 現 行 四 個 月 一 期 的 轉 賬 期 可 以 縮 短 為 一 個 月 ，
或 甚 至 更 短 的 時 間 ， 並 建 議 水 務 司 把 轉 賬 期 縮 短 為 一 個 月
， 此 一 改 變 可 以 改 善 水 務 司 的 財 政 狀 況 。
　 　 水 務 當 司 在 此 六 年 來 ， 亦 不 斷 進 行 自 動 化 改 善 努 力 。
唯 對 縮 短 轉 賬 期 一 事 ， 決 定 先 作 一 深 入 研 究 。 本 文 即 為 應
香 港 政 府 電 腦 部 之 邀 ， 及 在 水 務 司 和 其 他 各 有 關 方 面 的 協
助 下 ， 進 行 研 究 所 得 之 結 果 。
3　 　 在 決 定 是 否 改 變 現 有 轉 賬 期 之 前 ， 首 先 要 顧 及 各 個 轉
賬 期 的 利 弊 。 就 現 時 而 言 ， 可 行 的 轉 賬 則 由 一 個 月 一 期 到
六 個 月 一 期 不 等 ， 而 各 個 不 同 的 轉 賬 期 ， 會 有 不 同 的 現 金
流 量 及 不 同 的 對 社 會 大 眾 所 生 的 影 響 。 我 們 所 先 要 決 定 的
， 是 各 個 不 同 轉 賬 期 對 水 務 局 未 來 財 政 的 影 響 。
　 　 在 財 政 方 面 ， 政 府 在 每 個 轉 賬 期 所 需 要 的 支 出 ， 包 括
抄 錶 ， 轉 賬 等 必 要 開 支 ， 以 及 收 集 水 費 後 所 得 的 利 息 與 可
能 出 現 的 枯 賬 ， 均 可 以 決 定 是 年 的 財 政 狀 況 。 故 在 這 方 面
的 研 究 ， 是 以 現 金 流 量 的 分 析 為 主 ， 並 借 用 經 營 研 究 中 的
4一 些 樊 式 ， 來 分 別 求 得 各 個 不 同 轉 賬 期 的 成 本 與 利 益 ， 繪
成 成 本 曲 綫 圖 及 利 益 曲 綫 圖 。 大 致 而 言 ， 長 的 轉 賬 週 期 會
減 少 政 府 的 開 支 ； 但 在 利 息 方 面 的 收 入 ， 會 因 時 間 縮 短 而
減 少 ， 而 且 較 長 的 週 期 會 引 起 較 多 的 枯 賬 。 另 一 方 面 ， 短
的 轉 賬 週 期 ， 則 可 以 免 除 後 兩 者 的 毛 病 ， 但 亦 會 由 於 每 年
轉 賬 次 數 增 加 而 令 有 關 成 本 加 大 。 故 須 令 此 三 者 達 到 平 衡
， 方 能 對 水 務 局 有 利 。 根 據 研 究 後 所 求 得 的 成 本 曲 綫 及 利
益 曲 綫 ， 二 者 相 交 之 點 ， 即 為 最 經 濟 的 轉 賬 週 期 。
　 　 唯 最 經 濟 的 轉 賬 週 期 ， 可 能 並 非 是 最 適 合 社 會 大 眾 的
5轉 賬 期 ， 因 為 各 人 利 益 有 異 。 故 在 考 慮 是 否 改 變 現 有 轉 賬
週 期 時 ， 須 先 顧 及 公 眾 對 不 同 轉 賬 期 的 接 受 情 況 ， 由 此 所
得 到 的 結 果 ， 配 合 圖 表 分 析 後 所 得 的 結 論 ， 才 可 以 決 定 一
個 可 行 的 辦 法 。
　 　 各 個 消 費 者 之 間 的 消 費 量 相 差 極 大 ， 此 種 情 形 ， 在 工
業 用 户 及 家 庭 用 户 之 間 尤 為 普 遍 。 對 消 費 量 大 的 用 户 來 說
， 較 短 的 轉 賬 期 將 會 有 利 於 水 務 局 的 利 息 收 入 ， 但 對 消 費
量 小 的 用 户 來 說 ， 則 長 的 轉 賬 期 將 有 利 於 當 局 減 少 開 支 。
作 者 最 後 提 議 ， 水 務 局 在 未 來 的 自 動 化 轉 賬 系 統 中 ， 對 工
6業 用 户 採 取 一 個 月 一 期 的 轉 賬 期 ， 而 對 普 通 的 家 庭 用 户 ，
則 仍 維 持 目 前 四 個 月 一 期 的 轉 賬 期 。 預 計 此 項 改 變 ， 每 年
能 為 水 務 局 節 省 約 六 十 萬 元 的 利 息 損 耗 。


